As a preliminary study, we have found that honey from manuka (Leptospermum scoparium) in New Zealand inhibits myeloperoxidase (MPO) activity. In this study, using a chromatographic technique, we isolated two active compounds for 
INTRODUCTION
Honey has been used as a medicine for thousands of years.
1 Among the various types of honeys, honey from manuka (Leptospermum scoparium or Leptospermum polygalifolium) shows strong bactericidal activity. The anti-bacterial activity of 5 manuka honey is standardized as equivalents of phenol concentration, which is expressed as the unique manuka factor (UMF) value. There has been much research on the active anti-bacterial compounds in manuka honey, and methylglyoxal (MGO) has been identified as one of the major contributors to its activity. 2 Recent reports have also shown that MGO is partially responsible for the antibiofilm activity of 10 manuka honey. 3, 4 MGO is widely found in food, and is one of the metabolites of the glycolytic pathway. Non-enzymatic glycation also generates MGO, 5 which further reacts with other biological molecules to form advanced glycation end products. 6 In a commercial context, the MGO content is expressed as "MGO", similar to "UMF".
Honey has various medicinal and bioactive properties. It is used to treat upper 15 gastrointestinal dyspepsia, for wound healing, and so on. Although manuka honey has antibacterial activity against Helicobacter pylori, 7 it cannot eradicate it completely.
8
Ingestion of leafy branches of manuka (Leptospermum scoparium) by parakeets changes their pattern of grooming behavior, suggesting that some constituent of manuka leaves may act as an insecticide. 9 A recent study showed that manuka honey 20 reduced the formation of dental plaque, a biofilm that develops on the surface of teeth, significantly better than did xylitol chewing gum. 10 However, the mechanisms underlying the biological actions of manuka and its honey are still unclear.
Materials and Methods
Reagents. Myeloperoxidase was purchased from Planta Natural Products (Vienna, Austria). Methyl syringate (MSYR) was purchased from Alfa Aesar, Johnson Matthey
Company (Ward Hill, MA, USA).
5
Honey samples. Honeys from manuka (Leptospermum scoparium and Leptospermum polygalifolium), honeys from other plants, and honeydew honey were obtained from retail stores in Japan, Italy, and New Zealand.
10
Fractionation of honey samples (small-scale). Manuka honey (50 mg) was dissolved in 2 ml water and applied to a solid-phase extraction column (Supelco Discovery DSC-18, 500 mg, Sigma-Aldrich, Japan, Tokyo), which had been pre-conditioned with 2 ml methanol and 6 ml water. Water (500 µl) was applied to the column and then mixtures of 500 µl of water/methanol (8/2, 6/4, 4/6, 2/8), and 15 methanol 100% were serially applied to the column. Eluates were collected and then dried with a centrifugal evaporator. The dried samples were dissolved in 100 µl 0.1 M phosphate buffer (pH 7.4), assayed for MPO-inhibition activity as described below, and then further fractionated by high performance liquid chromatography (HPLC) (Prominence LC-20AT, Shimadzu Co., Kyoto, Japan). The column was a Develosil
20
ODS-HG-5 (5 µm particle, 8 × 250 mm, Nomura Chemical Co., Ltd., Aichi, Japan) and the solvent system was 0.1% acetic acid in water/CH 3 CN (86/14) delivered at a flow rate of 2 ml/min. The eluate was monitored at 262 nm by a photodiode array 3.30 ppm for 1 H and 49.0 ppm for 13 C NMR). Optical rotation was measured using a Jasco P-1030 automatic digital polarimeter (Jasco Co., Tokyo, Japan). The IR spectrum was recorded using a Jasco FT/IR-410 instrument (Jasco Co., Tokyo, Japan). 
RESULTS

Isolation of Compounds with Anti-myeloperoxidase Activity.
Previously, we reported on the anti-myeloperoxidase (MPO) activity of plant-derived phenolics such as quercetin and curcumin. 11, 13 Prior to this study, we found that manuka (L. scoparium) honey showed the strongest inhibitory activity 5 against myeloperoxidase (MPO) among the honeys examined. We separated the active compounds in manuka honey using a solid-phase extraction C18 column. As shown in Fig. 1 , two water/methanol fractions (6/4 and 4/6) showed strong inhibitory activity against MPO. Both fractions were further fractionated by reversed-phase HPLC and the activities were reanalyzed. We identified methyl (Fig. 2) . The HPLC analysis of the 6/4 fraction showed a single peak on the HPLC chromatogram.
To isolate and identify the compound, 60 g manuka honey was then fractionated by open column chromatography on Diaion HP20 as described in the Materials and "leptosin" after the genus of Leptospermum, to which manuka belongs.
Analyses of MYSR and Novel Glycoside in Honeys
Next, we analyzed the contents of MSYR and the novel glycoside, leptosin, in honeys by HPLC-PDA detection (Fig. 3A, Table 2 ). Honeys were directly dissolved honeys from New Zealand show no or trace amounts of leptosin, suggesting that there can be some contamination of other honeys, even those labeled as monofloral, with manuka honey. Jarrah honey from Eucalyptus marginata (Australia) also has strong anti-bacterial activity, 14 but we could not detect leptosin or MSYR in this honey.
15
MSYR is one of the characteristic compounds in manuka honey (Fig. 2) and also shows superoxide scavenging activity. 15 However, MSYR is widely found among honeys, plants, and in the stomach of bees. 16 It is also considered to be a chemical marker for asphodel (Asphodelus microcarpus Salzm. et Viv.) monofloral honey. 17 In our study, MSYR was found in asphodel, lavender, and citrus honeys from Sardinia,
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Italy, but the novel glycoside leptosin was under the detection limit in those honeys (Fig. 3B, asphodel honey) . Umbelliferae). 19 We were able to detect the mono-glycoside of MSYR in anise, but not the novel di-glycoside, leptosin (unpublished result).
Leptosin was characteristically detected in manuka honey as far as we examined, except that some non-manuka honeys from the Oceania region showed trace amounts of leptosin (Table 2) . There are several possible explanations for the leptosin 15 contamination of some non-manuka monofloral honeys from Oceania. First, even though the honey is labeled as a monofloral honey, honeybees collect pollen and nectar not only from a single (homogenous) plant species but also from other flowering trees in the area. Second, the honey factory may use the same processing line to produce manuka honey and other honeys.
Our results of a correlation between leptosin and UMF (Fig. 4) suggested that leptosin has antibacterial activity, or enhances the antibacterial effects of a bactericide.
We also analyzed anti-bacterial activity using S. aureus, a well-known pathogen that Compounds in manuka honey were separated on a C18-solid phase extraction column.
5
"Through" indicates non-binding eluate when sample was applied. Bound compounds were eluted with water and methanol mixtures as solvents (No. 1 to 6). Each fraction was assayed for anti-myeloperoxidase activity as described in the Materials and
Methods. Enzyme activity is expressed as a percentage of the control. 
